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E; GENERAL DESCRIPTION OF AIR MONITORING PROGRAM 


Radian Corporation is under contract to C-b Shale 
Oil Projects to provide ambient air quality monitoring. 
Each site measures and records the concentration of particulates, 
sulfur dioxide, and hydrogen sulfide. In addition, two of the 
sites record the amounts of nitrogen oxides, total hydrocarbons, 
methane, ozone, and carbon monoxide. Selected meteorological 
parameters such as wind specd, wind direction, temperature, 
and rainfall are monitored at each station. A 200-foot meteo- 
rological tower at one of the sites provides meteorological 


information as a function of height. 
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If. DESCRIPTION OF INSTRUMENT SYSTEMS 
A. Air Quality Instrumentation 


Nitrogen oxides are measured with a Meloy Model NA520 
analyzer. This dual-channel analyzer is based on the chemilu- 
minescent principle, and continuously monitors both NO. and NO. 
A subtraction circuit in the instrument provides a continuous 
NOprowtput, but isi not used” im Radiam's tsysitem.9)iNOn a's, eal 
culated once a second by the computer by subtracting the NO 
value from the NO. value, thus avoiding any drift which might 
occur in the wNOe, output of the instrument. This instrument nas 
a minimum detectable sensitivity of 5 ppb (parts per billion), 


anda (limearity of 1%. 


Both sulfur dioxide and hydrogen sulfide are measured 
with Meloy Model SA185 sulfur analyzers. The hydrogen sulfide 
analyzer uses a Meloy Model SO, -1 sulfur dioxide scrubber and the 
sulfur dioxide analyzer uses a Meloy Model H2S-1 hydrogen sulfide 
scrubber. » The Model SAL&85 is a ,econtinuous andlyzer,; and, utilizes 
the flame photometric principle of operation. The minimum detect- 


ableusensitiyity isdsappb, and the Linearity is ye 


Ozone is measured with a Meloy Model OA350 analyzer. 
This instrument provides continuous measurement of ozone, and is 
based on the chemiluminescent principle. The minimum detectable 


sensitivitys Ue: 5\\ppbtand, the lincaritysais 17, 


Total hydrocarbons, methane, and carbon monoxide are 
monitored with a Bendix Model 8200 gas chromatograph analyzer. 
This instrument uses a plume ionization detector and has a minimum 
detectable sensitivity of 5 ppb for all three components. The 
Model 8200 works on a five-minute cycle, i.e., one air sample is 


analyzed every five minutes. 
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The air sample is drawn in through a glass cane and 
manifold supplied by the Ace Glass Company. ‘The system has a 
25mm dianeten., and a constant aio ilow thiaough the system is 
provided by an air pump rated at 60 cfm at 0" head pressure. 
The manitoldynas sampling ports, to .zhiel 7;) teflon lines, tothe 
instruments ase connected... All joints in ;the samplingwsystem 
are securcd by O-ring compression fittings. The manifold is 
contained in a heated (100°) chamber to prevent condensation 
of moisture. The teflon lines from the manifold to the instru- 


ments are insulated with 1/8" wall thickness rubber tubing. 


The trailer has four heavy duty high volume particulate 
samplers (li-Vols). Fiberglass filter paper is used Eor collec- 
tion of partrenmlate samples, and each filter is broeughe to 2 
controlled humidity before weighing. Each Hi-Vol has a flow 
recorders to peumit <ecoruection. fex changes, an sain flow.as the 
filter becomes loaded with particulates. Each Hi-Vol runs for 
a 24-hour period Qnidnight to midnight), and is turned on and off 
by the computer. The Hi-Vols were designed following guidelines 
recommended by the Environmental Protection Agency and were 


manufactured by Radian. 
B., Galibuation Procedures 


Each trailer contains a Meloy Model RAD-1, calibration 
UNiE.. his dnstrument, provades. a zero.aix. suppily;) SOs span pas 
from an SO2 permeation tube, and NO span gas obtained by prce- 
cisely dilmeing ubottted, NO. spansgas. .JEhe, calibration of alijin- 
struments is automatically performed once a day, and is controlled 
by, thes eomputes., Each instrument is. first switehed topzero, and 
the computer monitors the output of each channel and takes a new 
Zero meading janie: Jaws tal) ec 2ero wignads has. heen, meached ») This 


zero reading is compared by. the computer to the zero reading 
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obtained 24 hours before, and if a drift “in’excess of 10pph' has 
occirsed, an excess zero drift light for the channel “mm quest ron 

is turned on on the System Status Panel. Next, span gas is supplied 
to cach channel and the computer decides when a stable span value 
has been seached. hrs Value is xecorded and compared) to the pxe- 
vious days value, An excess span drift light om the System 

Status Panel is turned en 1 a driftlexceeding LOppb oceurs. The 
instruments ake then returned to the monztor mode, and afttcr tve 


minutes the computer resumes data taking. 


The bottled NO gas used at each site was cbtained from 
Precision Gas Products.  Pre-purified prade hydrogen "as used* ian 


the SO. analyzers. 


The SO, permeation tubes were manufactured by Metronics 
Association, Inc, “Their output has been verztied@by, comparison 
to the output of National’ Bureau of Standards” tube’ 10-42.) Both 
SA185 analyzers in each trailer are calibrated with SO2 from the 
permeation tube. This instrument responds to the number of sulfur 
atoms pex molecule, thus S02 can be used to calibrate both the 
He2S and SO2 monitors 

The Model OA350 ozone analyzer has its own calibration 
system which provides a zero check and a span check. The ozone 
calibration system is verified by comparison to a calibratcd ozone 


generator maintaimed an Radian’s laboratory an’ Kittie. 


ihe Medel 8200 total hydrocarbon, “methane, and ‘carbon 
monoxide analyzer is calibrated with undiluted span gas obtained 
fron Airco s Rare: and Specialty Gas’ Division” This span ‘eas 
contains methane and carbon monoxide in air, the methane being 
used to calibrate both the total hydrocarbon channel and the 


methane channel. The Model 8200 is zeroed with air from a 
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Bendix Model 8834 zero air unit. In addition the instrument is 


electronmeally ve-zeroed at the start,of cvery five-minute cyele. 


The Hi-Vol particulate samplers were calibrated using 
a Calibratavon kive from Coneral, Metal Works. 


C. Data Acquisition. < 


oystem 

The basis of the data acquisition system is a Data 
General NOVA 1200 minicomputer. The NOVA which has a basic cycle 
time of 1.2 sec is equipped with automatic program load and power 
fail/automatic restart features. The computer utilizes 16K, 26-bit 
words of core memory. Analog-to-digital conversion is accomplished 
via an ADC built by Radian Corporation. The input/output unit Lor 
the system is Texas instrument's KSR 733 keyboard/printer. This 
model teletype provides keyboard entry and hard copy printed out- 
put. The data are also recorded on a cassette magnetic tape unit 
with three drives;) The cassette unit is utilized for progam 
storage and loading as well as recording. The power to the tele- 
type and cassette upits is turned on only when the unit(s) isto 
be used to reduce wear on mechanical parts. Several important 
functions in the instruments as well as in the computer and the 
trailer are monitored by means of lights on a System Status Panel. 
These data lights are written onto cassette tape to monitor the 
complete status of the system every five minutes. The Data 
Acquisition System also monitors the presence of 110V power from 
the power lines. In its absence, the computer, which is powered 
by babheries, suubehes; all trailer systems to batterysprovided 
power. If the time Woltage is restored before the batteries jane 
discharged to a specified level, the trailer system is switched 


back to-line power. 
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D. Meteorological Instrumentation 


1. Ambient Air Monitoring Trailers 


Four of the smbicnt ais monitoring trailers are equipped 
with the following metcorological instrumentation: (1) dry bulb 
temperature (outside), (2) relative humidity, (3) “wind: direction, 
(4) wind speed, and (5) a tipping bucket, heated raim/snow gage. 
The temperature probe and relative humidity sensor are mounted 10- 
side a moter aspirated radiation shield, the Model 186 Aspirated 
Radiation Shield by Weather Measure, which gives an aspiration of 
approximately 100 cfm. The wind instrumentation and ,temperature 
and relative humidity apparatus (in the aspirate: radiation shield) 
are all mounted atop a 33-foot crank-up meteorological tower (the 


WM-33, by Weather Measure) at cach of the four trazler sites. 


The wind-anstrumentation at the monitoring, trailers 
consists of the Model W103/3L Lightweight Cup Anemometer by 
Weather Measure and the Model W104-2 Lightweight Vane by Weather 
Measure. The anemometer is a high response, low threshold wind 
system which offers the optimum in versatility and economy. For 
low threshold applications, a unique frietioniless tachometer 
employing a high frequency oscillator and receiver is used to 
measure precisely wind speed. The oscillator, transmitter, and 
receiver are encapsulated in a small cube of epoxy for total 
protection against the environment.. The high frequenvy.. tachometer 
embodies several distinct advantages over the commonly used light 
chopper systems. “There are no lipht. bulbs or photocells so. bimn 
out: power consumpttonsius low, and the system is insensitive Go 
moisture condensation on dust deposition. The solid state tachometer 
is essentially free Muommaintenance with a, life of weld, over five 
years when operated continuously. The specifications of the W103 


Cup Anemometer are as follows: 
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7 enecunacy 1 2 1, or. >> mph, whichever 


1S preater. 


- Bearings: Sealed and shielded precision 


stainless steel. 

2 Threshold: 0.6 miles per hour 

«| Distance Constant: 5 feet 

The wind vane, the W104-2, is equipped with a 1000 ohm 
low torque potentiometer and two wipers for Oto ShO- operations. 
The response characteristics of this vane are: 

- Dead Band: 0O degrecs 

- Damping Ratio: 0.4 

* Distanee Constant: 3.5 feet 

= Thresheld:- 0.75 miles. per hour 

« Potentsometer Lincarity= ©. 57 

The thermistor probe used in the motor aspirated radia- 
tion shields is the Model T621-TP1L&X Air Temperature Premium 
Thermistox Probe by Weather Measuxe. This probe has a range of 
-50°C to +50°C and an interchangeability of + 0.055°C. he out- 
put signal accuracy is 4 0.3°F. 

the xeelative humidity sewsor is the Model 2013 Remote 


Reading KRelativemiumidiiy System by Texas Electronics. The sensor 


assembly contains a newly-developed hygroscopic inorganic sensing 
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element. Les cxpangion and contractiom positions the suspended 
core of a Wimear vannable differential -transforner, (LVDT).:. The 
absence of friction inducing, linkoses and wiping contacts minimizes 
hysteresis and improves accuracy. The LVDT output signal, when 
processed, 15 dizechiy proportional te xelative humidity. The 


specifications,.Of semis anstyument are as tollows: 
= Range of Indication: 02 to LOO; Ri 


- Response: The sensor response time to 
a step enange of 107 im relative humidity 
Ls. less than 2 minutes with ative sensor 


exposed to moving air. 


“ - Aecuracys, O24 < 150 Ri; 2 37 RE 
LS 95%. Mis 2 25eRo 
957, “LOO, 11; 3% RH 


}+ 


: Signal Output: Analog signal of -150 mv. 
to +150 nvs wet electrical zero at 507 
RH is standard. . 


Each-of the four monitoring trailers is equipped with 
a Model P511-E Remote Recording Neated Snow Gage by Weather 
Measure, in the @ase of this gape, the durability and weliaba lat 
of a tipping bucket gage are combined with heavy-duty electric 
heaters to make this an all-purpose precipitation sensor,  Ehius 
gage may be used to vmeasure snowfall amd rainfall. An insulating 
cover of poly-vinyl@ehloride and a themmostatie control insure 
the proper gage temperature. The thermostatic control is adjus- 


table from 0 to 35° 


G. Snow salling, inee tthe inlet funnel is 
nelted. Ehe sesultine water (from raingor snow) drains into 7a 
precision, Ci ppine  bucke!: mechanisin whieh activates a mercury. 


switeh cach tinepeme bucket Mipis and taps. The gape is eonstmucted 


IT \6=4174 


ornament 


edeereh OT Capt Tot ox apes eCn ame 9+ 


att qyere.th ‘eaair 03 ¢F133 nett ype! Vie 4 bl: 


Seainidta otanuen goi4t here amggreines Wihsubs! 


iv 


spaiie ve Tht of yambmse* °°: 


Meviantoz © lanobtaoqict | 


paoifot ar ou Hieomarttems 2): 


} 


we’ 


[ha 


aes 


uel tert, 


ii 


if 2! [ 


, 


2 


7 7 


Wm POOL o2 * pokes tht Le. OMA { 
“a 


art 


Bite 


jAg 1 


Rp sgetts Ie 6 
. gid ool 
63 hanagee 


iva v2ae 


r 
iv 


% 
ts 


t 
4 


1 critics 


lo Breas 


s~aoneten 


as | ‘sitet 
ise 


nage 


ERAAIDEAAN corporarion 


of durable corrosren-resistant materials "to; provide many year svor 


Scivices Whe speermucations Of “this eae ase as Lolhows: 
7 Orittees .G) 11renes 
weCilipaatenon: O20. “nel 
= Accumaey=, — 0% 57, (Cae eed Aer... 5 inj) 
= Sensom. ‘Chrome placed tipping buckets 
- "Switche werciry, 0.1 "second iebosure 


: "Heat ‘Control? “Thermostat” adpustment ; 
0 toms @ 


2. 200-Foot Meteorological Tower 

The tovger Das. instrmucntation at four Levels: 8 feet, 
30 feet, 100 Leeke@and 200 fect... Atv aki four levels. “there ane: 
wind speed, wind direction, and temperature and relative humidity 
sensors in a power aspirated radiation shield. Temperature dif- 
ference thermistors (also in power aspirated radiation shields) 
and their associated circuitry take lepse rate measurements tox 
the 30-fLooe to L00=noor Tayer™and” the 30=foot to 200-Lfoot Layer. 
In addition, ‘thiswsite has) a Precision Spectsal Pyranomete:, .a 


barometer, and a tipping bucket rain/snow page. 


The winded@rection and speed apparatus used at ench 
measurement level of the tower is the Model 10/4-2 wind sensor 
by Metecoxroloriedienesearch, Ine. Ginl)..*"lhis sensor has a SHOn 
potentiometer fOmuind direction and alight choppers for iwand 


speed, Thas scnesonens rupecd, woth an all-weather coaxial eup and 
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damped vanevass embuyes the prototype model has been in operation 
for years under the most demanding weather conditions, performing 
continuous] y_witlisthe wemost re lA aba Minty: AJL of the wind sensors 
om the tower shave been ipeeially taeated with a black. padmin which 
will promote warning ef the exposcd suxfaces of thessensorm, and 
thereby seduce ice,and snow accumulations on the moving, pants of 
the apparatus. The specifications on the Model 1074-2 are as 


follows: 
ThwStarting, fheeshotd: 110 </5cnph 
= (Response Distance: “Li Gect (63% recovery) 
Flow*'Coetertercent “~'9 feet: /Revolution 


~ "Aceuracy. = = Of mph ox ie -Glirchever 


is greatcr) 
—-Rhange:—0- 100 mph 
Wind Direction 
- State Threshold: SO. 75 mph 
- Delay Distance; 4 Leet (50% recovery) 
=) Danpiapehatvoe: 0.5 0 0.6 


- Accuracy (540° system): + 1% 
> y 


Oo 0 
shaves 0 eitke. 54.0 
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The relative humidity and temperature sensors are mounted 
within a power aspirated radiation shield at each tower level. 
All aspirators and sensors are of the Model 840 Series by MRI. 
The aspirated shielded housing is designed to provide maximum 
radiation protection to the sensor. Ambient air is drawn into 
the shield and across the sensors at approximately 15 feet per 
second. This intake air is essentially sampled from a hemispherical 
space which is approximately 3-inch radius from the tube opening. 
Speed of the incoming air at the periphery of this hemisphere is 
approximately 1 mph. 


The temperature sensor is comprised of a dual thermistor 
and resistor network. This circuit provides a linear resistance 
change with an air temperature change. The relative humidity 
sensor is placed alongside the temperature elements inside the 
shield where, it is exposed to a constant flow of air. Cireulation 

@ to both sides of the sensing element produces accurate monitoring 
with a good response time. The specifications of the sensing ele- 


ments are as follows: 
Temperature 
Accuracy: + 0.25°C 
Range: -50°C to +50°C 
Humidity 
Necuraey? 213 107, RH 
Range: 0% to 100% Relative Humidity 


® Measurements of temperature difference are taken for two 
layers, the 30-foot to 100-foot layer and the 30-foot to 200-foot 
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layer. The thermistors and circuitry used for these measurements 
are separate from the thermistors measuring air temperature. The 
use of separate thermistors and circuitry to measure AT allows 

for much greater accuracy and resolution in the measurements, which 
is necessary for stability assessments. Two AT thermistors are at 
the 30-foot level, one is at the 100-foot level, and one is at the 
200-foot level. All of these AT thermistors are mounted within 
power aspirated radiation shields. The specifications on the AT 


instrumentation are as follows: 
fe) 
* Accuracy. .2 O21 C 


o. Rangerot AT Careuxt 


(Lower Level-Upper Level): + oP ieore 8 


All instrumentation, except at .theseround level, is 


mounted at.the endef 12-foot. setractabhke booms... These. boons 


ied) 
0 


33-inch box. beams .whachn ace on solless mind can be setracted £o “Ehe 


instrument platforms for instrument maintenance. 


The meteorological tower itself is a 200-foot Rohn 
Model 80 Guyed Tower, designed for 40 pounds per square foot wind 
load witly 3" of radtal ace per EIA Standard KS-222-2, to suppertus 
four levels of meteorological equipment. The material consists 
of tower. sections with a tapered base, three retractable booms 
12-feet long, three outside work platforms, an inside ladder for 


climbing 


g, twolbasespuound kits and one anchor ground kit. The 


cable-type Safety Cimmbing Device consists of a cable and attach- 
ment mechanisms*withwablocking si¢eve andesafcty beltisiic tewer 


ts lighted and paintedwaccording@toe FAA specifications 


The®sicnatic’ Grom the vower instrumentation areticd from 


multiple strenalycablcs ante Mxinsmitters mounted at the base of 
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the tower. After signals have been converted to analog signals, 
they are fed into a junction box, also at the tower base, where 
they»are assimilated =into* one’ coaxial cable. The signals are then 
run underground within 3" PVC conduit to the A-to-D assembly, where 
‘they are processed. The transmitters’ are shielded and insulated 
from the elements. The signal cable is run underground in PVC 


conduit in order to minimize damage from the weather or various 


rodents in the region. 


The auxiliary equipment at the tower site consists of a 
heated tipping bucket rain/snow gage, an analog barometer, and a 
Precision Spectral Pyranometer. The rain/snow gage is the Model 
P511-E unit by Weather Measure, with characteristics and specifi- 
cations as described in Section 1. The barometer is the B242 
Analog Output Barometer by Weather Measure. This barometer provides 
an output voltage that is linearly proportional to pressure. The 
specifications on this instrument, which is mounted inside the 


monitoring trailer at the site, are as follows: 


Range: Specially designed for the 100 
NiLitper camecerval trom 725 maliibars. to 
825 Militbars. 


Resolwtven: Infinite 


Linearsey, “2 0.5 millibar, over the 100 


MiLlibar interval 


The pyranometer at the site is the Eppley Precision 
Spectral Pyranometer. This instrument is used for the measure- 
ment of sun and sky radiation totally or in defined wavelength 
bands. The pyranometer is levelled and mounted atop a wooden 


stand 4% feétirom the ground surface. Care has beén taken to 
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eliminate the effects from all outside influences, such as 
reflection or shadows, on the pyranometer. The instrument 


characteristics are as follows: 
- Sensitivity: 5 mv. per cal/cem*/min 
Independence: 300 ohms 


- Temperature dependence: Sensitivity constant 
to within + 1 percent over the ambient tem- 


perature range from -20 to +40°C 


Linearity: Response) Linear up itor intensities 


of 4 cal/cm?/min 
- Response Time: 1 second (i/e signal) 


All instrumentation «is factory calibrated. and iis) field- 
calibrated at various intervals. Sling psychrometers are used to 
calibrate the humidity sensors, known temperatures and/or resistances 
are used to calibrate the thermistors, and an rpm calibrating 
unit is used to calibrate the anemometers. The wind direction 
instrumentation is aligned to true north (reference direction) , 


by means of a surveyor's transit. 
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Lite MICRONETEOROLOGLCAL AND TERRAT FEATURES 


The VPiecance.Creck Valley and C-b,0i1 Shale, Tract 
are situated such that many microscale meteorological pheno- 
mena affect the region where the ambient air monitoring units 
are. located, jim pagiicuilac, the.threc. untis an.the.Piceance 
Creck ) Valley» (irailers 7020,. 021, and 022) arehcavily aniluenced 
by a. katabatac-anabatiesitow regime.ajeiraiters.023 ,and its 
associated 200-foot meteorological tower are located atop a 
plateau to the south of the valley,,.high enough to be effected 
mostly by gradient. flow conditions, Trailer 024; located -half- 
way between the valley and the meteorological tower, is affected 


by a mixture of the gradient and mountain-valley flow regimes. 


Elevations in the monitoring network range from about 
6200 feet above sea level at Trailer 021, near the Rock Creek 
School in the valley at the westernmost end of the monitoring 
network, to 6940 feet at the r=teorological tower site (Trailer 
023) .atop {the plateau watihin sthe <React -<G=bjitself. Oethe plarcest 
gradients imjlelevationein this arnea,of \course; occur pat ithe 
Piceance Creek! Valley wakls! However, ‘the northern valley walls 
are slightly steeper than those at the southern boundary of 
the valley, which then slopes upward gradually toward the C-b 
Tract: The Piceanee Creck Valley decreases in elevation from 
east to west in:-this area, so that nighttime katabatic cold- 
air drainage flows adveect from Gast. to west) ler from Trai hery022 
to Trathes 0204.61 Teas leme021. 


As snentioned«at the outse&. o£ this «discussion, fthe 
terrain will have a large influenec,on. the ~aneteorolopgy of this 
Yep Loner Considering, fimce icailes O22 --at athe castern end of 
the monitoring network, a nighttime katabatic (valley or down- 


slope) flow willl) exert sa aticnendous influence on this site. 
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Of the three monitoring locations ‘in the Piccance Creck Valicy, 
this site has the steepest valley wabls Limes ~viLeimity aneAS a 
result, the nighttime katabatic flow us. stasonpest here.) yihat 28; 
the downslope winds are constrained or channelled at this point 
such that the nighttime drainage winds eftten reach 1L5.miles) per 
hour. In addition, the channelling effects ofthe, Piceance Oi cel 
Valley walls normally cause surface winds to flow from one of 

two preferred directions. At night, the downslope winds 

parallel the valley contours, generally coming frora 115° (east- 
southeast, referenced to true north) ...Dusinge, the afternoon, 

or whenever suitable pressure gradient eonditions exist, pEhe 
winds generally come from the west-northwest because of the 
boundary conditions and channelling caused by the valley. This 
monitoring location has an elevation of approximately 6450 feet 


above sea level and is at the mouth of Oldland Gulch. 


Trailer 020, midway down the. Piceance Creek Valley 
near the Redd Ranch, at the mouth of Gardenhire Gulch, has an 
elevation of about 6320 feet above sea level. Once agaun, the 
valley walls are steeper to the north of this monitoring Loca— 
tion. The Piceance Creek Valley widens a lit the from Ligai lex 
022 to Trailer 020, so that channelling effects are not quite 
as great at this location. Nevertheless, a well-developed 
katabatic-anabatic flow cycle affects this site, Wilt, the: alter= 
noon anabatacflow.being fainly well-developed at this soestzon, 
The channelling effects of the valley walls cause two preferred 
surface wind directions, southeast and northwest. However, 
other wind directicns are experienced here, Pant? cular iy edie 
the transition periods between downslope and upslope flows and 
during periods when the surface pressure gradient dictates to 


a large degree the surface wind direct Len. 
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Trarler .O2l located near the Rock Greek” School? has 
the lowestVellovat ion o£ the three valley trailers, 6200 fect. 
At this \pount, theyPrceance Creck Valicy widens! considerably 
toward the cast) sso! Ghat nighttime keatabatic winds are rather 
light Jo °Day rime anabatre winds “areralso rather Tight. ~ However, 
northwesterly surface: wends caused*by pressure gradicnt ferecs 
are occasionally mederate in’ force because of the slight ‘channel-— 


ling “efieets “of the valiey walls to ehewnorth and northwest. 


Site 023, where the 200-foot meteorological tower is 
located, is atop the plateau at an elevation of about 6940 feet 
above sea level. It is approximately 2.5 miles south of the 
Piceance Creek Valley. This location is relatively high compared 
to its surroundings, with the nearest points having elevations 
preater than 7000 feet being .5 miles to the south of the tower. 
The tower itself is en the top of “a small knoll “located between 
scandard ‘and Sorghum Gulches >" Because of its location and the 
irrcgularities of the Surrounding terrain, meteorological patterns 


ave’ varied here. 


Wind instrumentation is mounted at four levels of 
the méteorolopical tower; $6 feet, 30 feet, 100 feet, and 200 
feet. The top level of the tower generally remains in gradient 
wind flow. “That is, the winds at that Level “are ‘normally 
generated by synoptic-scale features and are usually separated 
from terrain features and micrometcorological circulations. 
Occasionally, a weak anabatic flow influence is experienced. 
However, such as nok Yee case wrth the three Vowest measurement 
levels. To varying degrees, these levels are influenced by 
both ihe, Katabatse and anabatie erreulation cells. However, when 
SLSOne presere pradnene torceés exist" in the wer ior and ‘the 


synoptic-seale wind flew is'"strong, all four “tower levels wil) 


>? 


retileceta gradient windetilow: wath the winds ivercasing im 


Stren watch aiverecasine lie tet. 
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Trailer O24 as between the Piecanee Creck Valley and 
the meteorological tower location, about 1 mile south of the 
valley itself. ‘The elevation of this site is approximately 6740 
feet. The terrain slopes downward to the west, moth, and east, 
and slopes upward toward the South, ingthe dasection of the 
metcorological tower. This site is ime transition zZoney berwcen 
the micrometecorological effects which prevail in the valley and 
those meteorological phenomena affecting the: tower SiLle. “VAS. a 
result, the meteorological parameters measured at thas location 
are subject to rather rapid variations. The area is generally 
affected by a weak katabatic (downslope) flow at night and a 
weak anabatic (upslope) flow during the afternoon hours. Howevei,; 
gradient wind flows generally take precedence over terrain- 


induced flows at this location. 


The terrain atop the plateau is generally barren and 
fairly rugged, with a few scattered small trees. The topsoil 
dries rapidly and is very fine, resulting in blowing dust when 
dry, windy conditions exist. In the Piceance Creck Valley, 
the terrain is fairly grassy and flat, with steep valley walls 
on either side. Strface winds ane normally rather Iaght am thas 


valley unless channelling effects occur. 


During clear nights with rather light pressure gi adLene. 
induced winds, rapid radiational cooling will occur in the secon 
because of the barren nature of the terrain and the generally 
dry character of the aix in this portion of the country. As a 
result, the diurnal range of temperatures will be extremely 
large. Because of the katabatic flow im the valley, wigsivetine 
temperatures will generally be lower in the valley ‘than om thie 
plateau. During thelwanter, especially, temperatures in the 
valley may be 20°F lower than they are on the platcau during 
the early morning hours. .In particular, the dsainaze effects 


will be spectacular at; Trailer 022, which will Of tC CxpcEVence 


II C-484 


PINOUT enema mies 


temperatures 10°F cooler than those at the other valley monitoring 
locations during the early morning hours. This phenomenon results 
from the pooling of cold air in the area of Trailer 021. because 

of its relatively low elevation and the light nature of the winds 
here during the night, which thus inhibits surface mixing and 
promotes the strengthening of the naphttame ground-based anver— 
sion. During periods of strong gradient winds and/or cloudy 
skies, greater mixing of the air near the surface occurs and 
meteorological conditions (particularly temperature and humidity) 
are more uniform threughout the monitoring network (on the 


plateau and in the valley). 
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IV. OPERATING TIME ANALYSIS FOR EACH SITE 


This section presents the operating statistics for 
each of the major subsystems contained in each monitored station. 
Table II shows the specific number of hours that each of these 
subsystems was inoperative for the month. The column labeled 
“DIGITIZING SYSTEM" indicates the entire data acquisition system 
and downtime hours appearing in this column and, therefore, means 
total loss of data. These instances inciude, fim addaitaon to 
computer downtime, power failures, no power available, and 
self-automated shutdown periods such as during air conditioner 


malfunctions. 


Calibration time is not considered to be downtime and 
is, therefore, not included in the downtime figures. The amount 
of time used in calibrating the instruments is given at the 
bottom of the downtime analysis table and is reported as total 
calibration hours for each channel for the entire month. As is 
evident in the calibration figures, channels can be calibrated 
independently of one another. No calibration time is given for 
particulate monitoring since Hi-Vol calibration occurs infre- 
quently and only during the off-duty cycle for each Hi-Vol 


while another Hi-Vol is taking data. 
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V. MONTHLY METEOROLOGICAL SUMMARY 


A. North American Summary 


The month of December brought rather mild temperatures 
to much of the United States. Upper ridging prevailed over the 
western portion of the country during the first 21 days,.of 
December as the mean long wave trough position was established 
through the Mississippi Valley. During »the lastiten days..of the 
month, the southwestern United States was dominated by a persis- 
tent upper cyclonic circulation, which brought heavy snowfalls 


to much of the region. 


Zonal flow prevailed over the United States from 
December lst through the 6th, from the 10th through the 14th, 
from the 18th through the. 21st, ~nd»fromsthe 25th through.the 
29th. Meridional flow was dominant from December 7th through 
the 9th, from the 15th’ through the 17th, from the 22nd through 
the 24th, and on the SGlst. Split flow prevailed on the 30th. 


A large closed low at upper levels dominated the 
eastern third of the nation on December lst and 2nd, causing 
the formation of an intense surface cyclone off the Atlantic 
coast. This low brought very heavy snows to the Northeast and 
Atlantic seaboard states. Upper level cutoff lows dominated 
the southwestern United States from December 8th through the 
llth, from the 23rd through the 26th, and from the 28th through 
the first two days of January. 


In general, average temperatures in the United States 
during December were above normal, except for the southwestern 
portion of the country, where cloudiness prevailed during much 


of the month. Precipitation amounts across the country deviated 
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little from monthly normals. Specifically, the Northeast had 
average temperatures which were much higher than normal and 
precipitation totals which were slightly above normal. for the 
month. The Atlantic seaboard states experienced above normal 
temperatures and precipitation during December, while the South- 
east had above normal temperatures and slightly below normal 
precipitation. The northern tier of states also had above normal 
average temperatures during December, while experiencing slight- 
ly above normal precipitation. The central portion of the United 
States was affected by above normal temperatures and below normal 
precipitation. Both the Rocky Mountains and the Southwest (in- 
cluding Texas) generally experienced below normal average tem- 
peratures and slightly below normal precipitation. The western 
United States had above normal average temperatures and near 
normal precipitation. No major (extremely cold) outbreaks of 
continental polar arr occurred in ‘the United States during 


December. 
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B. Meteorological Statistics in Northwestern 
Colorado During December 


The month of December brought below normal temperatures 
and slightly below normal precipitation to northwestern Colorado. 
Seven maritime polar cold fronts passed through the region during 
the month (eécember 5, 13,.417, 19, 22, 28, and 30). The cold 
front of the 22nd was exceptionally strong... Im addition, an 
occluded front passed through the area on the 7th. The last ten 
days of December were much colder than normal in this region, 


and heavy snowfalls occurred on the 29th and 30th. 


Grand: Jametron received 2 total of 0232 inch of 
precipitation during December, which is 0.23 inch below normal 
for the month. The area received snow on twelve days of 
December (December Sth, 7th; Jith, 13th, 15th. iGth, iyth. 
20th, 22nd, 29th. 30th wand 3ist)., The heaviest snowtalls in 
Grand Junction _oceurred on,the 5&h and 29th. Heavy fog, which 

1 


reduced horizontal visibilities to below % mile, occurred on the 
6th. 


The area in general had twelve clear days, five partly 
cloudy days, and fourteen cloudy days. Sky cover by cloudiness 
averaged 5.6 out of a possible 10 during the period from sunrise 
to sunset and 5.4 out of a possible 10 during the entixe 24-heuz 
midnight to midnight period. The area received 56% of the possible 


sunshine during the month. 


Northwestern portions of Colorado experienced some 
periods of poor dispersion and air stagnation during December. 
The valleys were particularly vulnerable to these stagnation 
conditions because of cold air which became entrenched in them, 


thus enhancing poor ventilation and trapping conditions. The 
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following official National Weather Service FKUS Air Stagnation 
Narratives pertain to northwestern Colorado during the month of 


December: 


December 1: ''Morning dispersion conditions . 
will be poor over a large area of Utah and 
Colorado southeastward to Texas on the morn- 
ine o£ the: 2nd: " 


December 2: "The stagnation area over the 
central and southern Rocky Mountain States 
today will be depressed southwestward on 
December 3rd and 4th as a surface frontal 
system moves across the top of the upper 
ridge. High surface pressure gradients in- 
- dicated on the latest prog package suggest 
improvement in dispersion conditions over 
eastern Colorado by late on the 3rd. However, 
locally poor dispersion is apt to persist in 
the valleys of New Mexico and western Colo- 
rado through Wednesday morning due to con- 
tinued light winds and the trapping of cold 
ais" 
December 3: "Stagnation conditions to dimi- 
nish during the next 24 hours through the 
Rockies and southwestern United States as 
the ridge is forced southeastward. The 
upper ridge will continue to cause light 
winds through the 4th so would expect re- 
stricted night and morning dispersion con- 
ditions in that region into early on the 
5th. Increased circulation through the 
Rockies should provide improved dispersion 


Condi rions am most of Colorado ven the 4th." 
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December 8: "Expected deteriorating night 
and morning dispersion conditions in Utah 
tonight and eastern Colorado late tomorrow 
as the upper ridge moves eastward into the 
Rockies...Conditions in Colorado will improve 
tomorrow night as the front moves through the 


central Rockies." 


December 11: "Poor dispersion will prevail 
at night and in the early morning hours un- 
der the surface high crossing the Great 
Basin for the next several days, but the 
movement of the high and forecasted positive 
vorticity advection should restrict periods 
of poor dispersion only to short periods in 


any one place." 


December 17: "An area of negative vorticity, 
associated with an upper ridge, builds into 
Utah and western Colorado by the morning of 
the 19th as a vorticity minimum shifts into 
that region with associated light winds. 
Dispersion will be restricted mainly during 
the morning and nighttime hours and mostly 
in valley locations. 


December 23: "A cold air mass moving south 
through the northern Rockies will cause 
locally restricted dispersion in portions 
of northern Utah and western Colorado as 
winds diminish and cold air becomes trapped 


in valleys." 
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December 24: "The ridge in the far western 

United States is forecast to break down 

during the next 36 hours allowing increas- 
 ingawinds»and»circulation in)the Pacific 

Northwest and flushing out any cold air 

that may have been trapped in the valleys 

of the northern Rockies. Area of restricted 

night and morning dispersion to move south 

into the Great Basin and portions of Cali- 

fornia, byntheanight, of: the] 25th. 


December 31: ''The ridge building into the 
far western United States will spread an 
atbea Of stagnation and locally restricted 
dispersion through Oregon, central Cali- 
fornia, Nevada, northern Utah, Wyoming, 
and Colorado. Stagnation will persist 

in the Great Basin and central California 
into the morning of January 2nd, with the 
trend toward deteriorating night and morn- 
ing dispersion continuing through the en- 


tire region." 


In addition to being subjected to periods of air 
stagnation during December, northwestern Colorado also experi- 
enced several winter storms and some extremely cold weather 
during the month. Travelers Advisories were issued for heavy 
snowfalls in northwestern Colorado on December 4th, 5th, 3th, 
21st, 22nd and 29th. Heavy snow warnings were issued for the 
region on these same days. As much as ten inches of snow fell 
in portions of western Colorado on the 4th and 5th. Selected 
portions of the ABUS National Weather Summaries for December 
are as follows: 
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"One inch of snow was recorded at Rifle, 
Colorado (December 13th)". 


- "Craig, Colorado, reached a high of only 
four degrees today and the thermometer 
in many mountain valleys will dip to 
twenty degrees below zero tonight 
(December 24th)." 


"Rifle, Colorado, had the low for the 


nation last night, with a temperature 
of -9°F (December 28th)." 
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C. Summary of the Meteorological Conditions 
inwene. Inace C-b during December 


Unseasonably cold temperatures affected the Tract C-b 
region during much of December, as cold polar air continually 
advected into the area. Temperatures were particularly cold in 
the Piceance Creek Valley during the nighttime hours, as the kata- 
batic circulation reinforced the already frieid air present in 
this basin. Because of the persistent mean upper troughing in 
the region during the month, snowfall occurred in the Tract C-b 
area on twelve December days. Very heavy snowfalls occurred on 
the 5th. and 29¢n- 


The diurnal temperature range was usually much greater 
in the Piceance Creek Valley than it was atop the plateau during 
December. In particular, the nighttime minimum temperatures in 
the valley were often lower than the temperatures on the plateau 
by 20°F or more on clear nights when radiational cooling and the 
katabatic circulation were well-established in the region. A prime 
example of this phenomenon occurred on the 25th, when the tempera- 
ture in the valley at Trailer 021 at 0800 hours was =34°F,. while 
at the same time atop the plateau, Trailer 024 had a temperature 
of -6°F. Another implication of these frequent large variations 
in temperature between the valley and plateau is that an extremely 
strong inversion exists in the valley on these radiational cooling 
nights, particularly when snow cover is present. Such a situation 
could lead to the trapping of low-level pollutants in the valley 


occasionally. 


Monthly average temperatures during December ranged 
from 11°F at Tragber O21, 12 9°F at Trailer 020), and 14.6." ac 
Trailer 022, all in the Piceance Creek Valley, to a temperature 
of about 25°F at the meteorological tower. Trailer 021 generally 


achieved not only the lowest nighttime minimum temperature in the 
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Tract C-b region, but also often had the highest daytime maximum 
temperature in the area, particularly on days when clear skies 
prevailed. Iratler 022 and the 8-foot Level of the meteorological 
tower generally had the highest temperatures in the monitoring 
network on the cloudy, snowy, or windy days. Therefore, because 
of the very low nighttime temperatures and relatively high day- 
time” temperatures at/TraifersO21)" thisttrailert general lyihad the 
greatest diurnal temperature range in the Tract C-b region on a 


day-by-day basis. 


December 2lst was the mildest day of the month, with 
daily average temperatures ranging from 30:3; Rito 32:5) Fein the 
Piceance Creek Valley (33.4°F at Trailer 024) and from 43.6°F 
to 44.3°F at the various meteorological tower levels. The 
highest temperature recorded in the valley during the month was 
48°F at Trailer 021 and 022 on the 4th. The highest temperature 
recorded in December on the plateau was 54°F at the 30-foot level 
of the tower. This relatively high temperature for December was 
caused by the advection of warm air preceding a strong short wave 
on the 21st. The coldest temperature recorded in the valley during 
the month was -34°F at Trailer 021 at 0800 hours on the 25it Ay 
while the coldest temperatures recorded on the plateau were -8°R 
at Trailer 024 on the 24th at 0300 hours and -5°F at the 8-foot 
level of the tower at 0400 hours on the 24th. In general, the 
Sth, 9th, LOth 25th, 26th, and @ilst thad) thewmlewest: daily vawerage 


temperatures during December. 


The change in temperature between tower levels did not 
demonstrate an identifiable pattern during the month. An inver- 
Sion generally existed between 30 and 100 feet during the night- 
time hours, while the temperature decreased with height during 
the daylight hours, a sequence which is to be expected. The 
temperature difference between the 30- and 200-foot levels did 


not exhibit an identifiable pattern, however. In fact, the 
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temperature difference between these two levels was often positive 


(inversion) during the daytime and negative at night. 


Because of the frequent snowfalls during the month, the 
monthly average relative humidities were rather high, both at the 
valley sites and on the plateau. The monthly average relative 
humidities in the valley ranged from 71.9% at Trailer 020 to 
74°4% at Trailer 021: “On the plateau, Trailer 024 averaged 68.67 
relative humidity, while the four tower levels ranged from 67.3%. 
to 71.6%. December 7th, 29th, 30th, and 31st were the most humid 
days o£ the month in’ the-fzact €-b region, while@the first four 
days of the month were the driest in this region, particularly so 
on the plateau (some relatively moist air was trapped in the valley 
during this period, im addition to the fact that the, lower nighe— 
time temperatures in the valley on these days resulted in higher 


daily average relative humidities at the valley sites). 


Due to the generally cloudy conditions which prevailed 
inthe Tract: C=b regiom-durine the month, “in addition to the fact 
that solar elevations were’ low @inter solstice), solar radiation 
totals were relatively low during December. On a clear day in 
December, about 165 langleys should be received. The only December 
day when the maximum possible solar radiation was received was the- 
9th (downtime, especially on the 3rd, prohibits a complete eva- 
luation of “the month)> “The 5th and 7th of the month received 
only minimal amounts of solar radiation because of excessive 
cloud cover. The highest hourly radiation total received during 
the month was 36 langleys on the 3rd and 9th, from 1200 to 1300 


hours, the normal period of maximum solar radiation. 
Daily averages of the barometric pressure (limited data) 


ranged from’/53"3' miltibars “on “the 29th to 79122 millibars, on 
the 30th at the meteorological tower. The standard station 
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pressure at the altitude at which this barometer is mounted is 


784 millibars, using the standard atmosphere as reference. 


Winds in the Tract C-b region generally followed the 
same pattern during December that they had followed during the 
preceding months. The katabatic/anabatic circulation cell 
dominated the flow in the Piceance Creek Valley, while the 
plateau remained in gradient flow with far fewer mesoscale 
effects superimposed. Actually, the katabatic (downslope) 
circulation was much more dominant than the anabatic cell in 
the valley on cloudless days with weak pressure gradients be- 
cause of the low solar elevations and resultant lack of insola- 


tion to power the anabatic cell. 


Resultant wind directions in the valley, therefore, 
were east and east-southeasterly, generally following the 
contours of the basin. Resultant speeds ranged from 0.6 miles 
per hour at Trailer 021, where nighttime winds are generally 
rather light, co, 3.1 miles per hour at Trailer 022, where the 
katabatic flow is strongest. Scalar wind speeds ranged from 3 miles 
per hous at Trailer 0207 to 5 miles per hour at Trailer 022, On 
the plateau, the resultant wind directions on the meteorological 
tower ranged from 239 degrees at 30 feet to 249.9 degrees at 
200 feet. The general wind flow, then, was west-southwesterly 
with a general veering in direction with height, as would be 
expected. Wind speeds, both resultant and scalar, increased 
with increasing height, also a normal occurrence. Resultant 
speeds ranged from 2.6 miles per hour at 8 feet to 4.7 miles 
per hour at 200 feet. Scalar speeds ranged from 5 miles per 
hour at the 8-foot level to 9 miles pex hour at’ 100 feet and 
200 feet. Trailer 024, between the meteorological tower and 
valley sites, demonstrated an intermediate wind behavior. The 
resultant wind direction at this site was 177.5 degrees. The 
resultant wind speed was 1.1 miles per hour, with a scalar 


average speed of 3 miles per hour. 


PIV C-503 


>=. ; pea 
7 : 
‘Ss 
4 
7 
- | 


padleseas vei layw-@43 qi enoidseudb baie tras ‘root 


a qiis ph "?<. «¥Yloeode 4 d t-7 iti) 7e0S 
hognas bbe qa Soasiine. ikesd ots Ye 


_" smi Itgin 1¥ arly ‘£0. 4a] 2677 26 port 


247 16 THOT howd lim I £62 ,gAgt! 
bate ai a tre et wold Srandescat 
- 7 7 - 
et a8 re a, oo OFD “iabiar? wa> 
y : 1 bo 
ats me v0 = par» Pitadege ss 27 , Onere 


7 oe or a6 30 CS @usl bag BA 
waew yo asy besa atic Ol : 
we +o a} girkao: bese i a atiw 
i ae 7 SnitwW vias de ine 
te iiss fd 


sen abi ahoeei 
» OG, 2 maori 1396 
t 


FRAAESEAAIN corporanorn 


The 2lst had the highest daily average winds, particularly 
on the plateau; while the 9th, 29th; 90th and 3st had the lightest 
winds. Winds were generally light to moderate on the plateau during 
the month and were very light in the valley, low enough to cause 
impaired dispersion and ventilation on occasion. The strongest 
winds experienced in the Tract C-b area during December occurred 
during the evening of the 21st, in advance of an intense winter 
storm. Sustained winds of 40 miles per hour or higher were record- 
ed at 100 feet and 200 feet for a period of about seven hours during 
this episode. The maximum five-minute average wind velocity record- 
ed during this storm, and also during the entire month, was 52 miles 
per hour at 2005 hours on the 21st at the 200-foot level. 
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Vix DATA PRESENTATION AND SUMMARY 


This section includes summaries for various recorded 
data at the monitoring sites. The data presentations indicate 
the variability of pollutant concentrations and meteorological 
parameters with location and time. In addition, the presenta- 
tions indicate the functional dependence of pollutant concentra- 
tion with wind direction. All data except suspended particulates 
(24-hour samples) are sampled once each second, but recorded as 
five-minute arithmetic averages of the one-second samples. This 
averaging technique tends to smooth instantaneous maximum values, 
and is especially evident when comparing wind gusts to local 
weather bureau data. 

Inherent to any data acquisition system is random noise 
both from the recording instruments and quantization in the analog- 
to-digital conversiom., The lower threshold £or all Analytical jan 
struments is twice the maximum noise level generated by the in- 
struments. “This tower threshold" 1s") ppb tor allinstruments: 
except for the ozone analyzer for which it is 0.5 ppb. Therefore: 
any values appearing in the data presentations that are less than 
5 ppb indicate only a trace of pollutant in question and should 
not be construed to be absolute levels. In addition, when 
concentration levels drop below the lower threshold, the re- 
corded quantity is simply random noise and averages tend toward 
zero. Thus, when concentrations are below the lower threshold 
of the analytical instruments they may appear as a zero entry in 
the data presentation which does not indicate absolute zero 
concentration. 

7 ALL pellutame data €except for particulate data as 
taken at the monitoring site im integer parts per billion (ppb) 


but is presented here in micrograms per cubic meter (pg/m?) 


PH €-505 


Wao ws Oh HoCeT aa ATA 


panel eae Sea “03 spitsesmwvs Q260eisat watdes: «):19 
eoeetg S22) 347 peetde andic: ines wale da ated 
P baw teotiox: conges; Sendyliég ‘io ysiliddiiay aay 
(npko ahha at . sae ba pmijacc! (yl ageyenrrag 
To Po, aaireorsqult, Peroisorwt 242 osavttigk anos 
wm ; stab £EA ettneslh balw Adlw ants 
crane i rear nism (29 lq Sied-de) 
if . is ta oitomls ira epiele-ay lt 
Ot sles suptadadd golgersen 


E2VAROVAIY corPORDYION 


assuming standard temperature and pressure of 25°C and 760 mmHg 
@O13s. 2 millibars) , respectively. The scale factors required 
to convert wg/m*? at standard conditions back to ppb for the 
various pollutants are given in the following table. 


POLLUTANT TO CONVERT yg/m? AT. 25°C 
AND 760 mmHg TO ppb MULTIPLY BY 


The units of the meteorological parameters are given in 
the table... It should be noted here that inside temperature is 
monitored and recorded as a functional part of the system but is 
not presented in this report. 


Table Til displays the monthly Statistics for each 
monitoring station for the month. To insure statistical sig- 
nifveance, and to reduce the possibility Of introducine a bias 
in the presentation, averages are computed only when at least 
50 percent of the samples are present, except for relative 
humidity and temperature, in which case 75 percent of the samples 
are required. If less than the required samples are present for 


a particular parameter, that entry will be blank. The number of 
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samples present for a particular channel is defined as the total 
possible number of five-minute samples for the averaging time 
less the computer downtime less the channel downtime less the 
channel calibration time. The averages in Table III are arith- 


metic averages with the following exceptions: 


Wind speed and wind direction are 
computed using a vector averaging 
technique where the wind speed is 


treated as the vector magnitude. 


Particulate averages are computed 


as the geometric mean. 


Table IV displays the daily averages. Again, 50 percent 
of the five-minute samples are required in order to compute an 
average except for the cases of relative humidity and temperature 
which require, 75 pexcent. A blank entry indicates an insutliesent 
number of five-minute samples present for that day. Wind speed, 
wind direction, and particulate averages are computed the same 


way as described in Table III. 


Table V presents the maximum daily five-minute average 
retained in the data base as well as the time of occurrence. A 
five-minute maximum average is printed if any samples are present 
for that day. Therefore, the maximum five-minute average for a 
channel which experienced considerable downtime or calibration 
time during the day in question may be misrepresentative of the 


maximum expected for that channel on that day. 
Table VI indicates the five largest averages for 


various averaging times. The table shows the period of time 


covered by the average. Maxima are chosen so that time sepments 
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are independent. The maximum averages reported are found using 
a ‘sliding average’ technique with the exception of the 24-hour 
particulate average which is computed from midnight to midnight 
and the 3-hour hydrocarbon average which is computed from 6:00 
to 9:00 a.m: conly for averaging) tamess less, than;or: equal te 
three hours, the sliding average is stepped one five-minute 
sample at a time. For longer averaging times the step size is 
twelve samples or one hour. For averaging times less than or 
equal to one hour 100 percent of the five-minute samples must 
be present to compute an average. Averaging times greater than 
one hour require 90 percent. Whether or hot a Sliding averaze 
is computed is solely determined by the number of samples present 
in that averaging time and is independent of daily and monthly 
averaging criteria. 


To demonstrate the functional dependence of recorded 
parameters upon wind direction, Table VII shows pollutant con- 
centration displayed in a bi-variate distribution with wind 
direction. The tables display the total number of five-minute 
samples occurring in each concentration and wind speed class. 
The mean concentration for all samples occurring in each wind 
class are also shown. This distribution demonstrates the 


dependence of high pollutant concentrations upon wind direction. ° 


Appendix A contains stability wind rose diagrams. 


The wind speed classifications used in Appendix A are 
based on the Beaufort wind scale classification system. This 
is a system of estimating and reporting wind speeds, invented in 
the early nineteenth century by Admiral Beaufort of the British 
Navy. It was originally based on the effects of various wind 
speeds on the amount of canvas that a full-rigged frigate of the 
period could carry, but has since been modified and modernized. | 
In its present form for international meteorological use it 


equates: (a) Beaufort force (or Beaufort number); (b) wind speed; 
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(c) descriptive term; and (d) visible effects upon land objects 


or the sea surface. One land adaptation is the NRM wind scale. 


The six basic wind speed classifications used in the 


Lepore ave: 


io EnOtS, 4-6 knots, 7-10 knots, V-1G knots. 
l7=2) knots}; -andiwinds* of greater than ZL knots. 


The following 


table is a complete description of the Beaufort Wind Scale, 


taken from Physical Climatology, by Helmut Landsberg, 1969. 


BEAUFORT WIND SCALE FOR OBSERVATIONS AT LAND STATIONS 


< 


Explanatory 
Force Title Specification for Use 

0 Calnts an e.creisicterene Smolcemmises viegeicalliyseerereeeeieineiee eet 
1 Wighttcaitpere)crret-telers Direction of wind shown by smoke drift, 
buginot by windevancse « sceeeei cre cies 

2 Light breeze...... Wind felt on face: Icaves rustle; ordinary 
TWAIN Inienwerel NOW iNelG 66 Go onaoooodoKds 

3 Gentle breeze..... Leaves and small twigs in constant mo- 
tion; wind extends hight flag.......... 

4 Moderate brceze...} Raises dust and loose paper; small bran- 
chesjane movedterr eee eieineeic ce 

5 | Fresh breeze. ..... Small trees in leaf begin to sway; wave- 
Jets formed on inland waters.......... 

6 | Strong breeze..... Large branches in motion; whistling heard 
in telegraph wires; umbrellas used with 

Cistieuillty’ sh seyerecerarcteyeoistee: «ches el creteyetensiale 

@ NOMighinvitnds.). ws. Whole trees in motion; inconvenience felt 
when walking against wind........... 

Solieineshigalesrccre:-tel- Breaks twigs off trees: generally impedes 
PROLRESS « oxcic epaislsrerevavs, s.sieicias sls eters wet 

9 Strongigalej ee. Slight structural damage occurs (chimney 
pots and slates removed)............. 

10 Whole gale....... Seldom experienced inland; trees uprooted; 
considerable structural damage occurs.. 

M1 SHiclitiboasudsoocos Very rarely experienced; accompanied by 
Wides preacidamage a1) inicio 

12 jp uarricatie sy ciisisccucill yersvoqcsreccrsyos ersteiteretayetors ores nai aero vacloerers 
3: sh Ssisre sierevearaic sceuceersee llerseveras QAO G00 NU DU COOO OO DON BEOGOO OOS 
MAE Il, ciateveravorcreveraxercueyscoretellt catatefeters elev sreroreteteteleteterere aicrerers\evelelstekepsieveral ere 
YS) |) cacwiateidtarararvinreveretaseaseille oxevene wiacumy sapere otteterelalelsielavareuersaravacieisisiaveye 
NG? il) Slerereoias are tcarevoreyeraretalll rovalanetere: oi s/sisvorayereteieslereicceis:sfeisioiecieierarcrerarctels 
| {f / SBee re oete On| eR Ateneo foo 00 AoC ore Ice cr 


Source: Table 36(p. 119) in R. J. List (1951); Smithsonian Meteorological Tables; Smithsonian Miscell. Coll. Vol. 114. 
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Corresponding Limits of Wind Speed 
at 10 meters ab. erd. 


——_—_—$—$—————_ —————————————_ ————e—eSEeEeSSSESESFSSSSSSSSSSSSFSSFSFe 


Mi/hr. 


<i 
1-3 
4-7 
§-12 
13-18 
19-24 


25-31 
32-38 
39-46 
47-54 
55-63 


64-72 
73-82 
§3-92 
93-102 
104-1144 
115-125 
126-136 


IXnots Km /hr. M/scc. Ft/sce 
<1 <1 63 eh Wa 
1-3 1-5 0.3-1.5 1-5 
4-6 6-11 1.6-3.3 6-11 
7-10 12-19 3.4-5.4 12-18 
11-16 20-25 5.5-7.9 19-26 
17-21 29-38 8.0-10.7 27-35 
22-27 39-49 10.8-13.8 36-45 
28-33 50-61 13.9-17.1 46-56 
34-40 62-74 17.2-20.7 57-68 
41-47 75-88 20.8-2-4.4 69-80 
48-55 89-102 24.5-28.4 §1-93 
56-63 103-117 28.5-32.6 94-106 
64-71 118-133 32.7-36.9 107-121 
72-80 134-149 37.0-41.4 122-136 
§1-89 150-166 41.5-46.1 137-1S1 
90-99 167-183 46.2-50.9 152-165 
100-108 184-201 §1.0-56.0 167-183 
109-118 202-220 §6.1-61.2 184-201 
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Table VIII demonstrates the diurnal variation of vari- 
ous recorded parameters. Hourly averages are determined by arith- 
metically averaging five-minute.:samples, except for wind direction 
magnitudes. Totais in the diurnal wind direction tables are 
vector averages of the columns and rows. For all parameters, 

a blank entry in the diurnal variation table indicates that 
less than half (i562, less than 6) of the five-minute samples 


.for that hour are present. 


It should be noted that the hydrocarbon levels presented 
do not represent ambient concentrations. The values are influ- 
enced by a contamination of the sampling cane.: The hydrocarbon 
levels were significantly reduced after carefully cleaning the 


sampling cane apparatus. 


Times given in the data presentation are Mountain 
Standard Time. 


To facilitate comparison of recorded concentrations 


to ambient air quality standards, the following regulations are 


presented. 
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APPENDIX A 
STABILITY WIND ROSE DIAGRAMS 


According to the data presented in AEC Safety Guide 
No. 23, the relationships between stability classes and Og are 
as follows (the values shown are averages for each stability 
classification...d5 is, the standard @eviation,of horizontal 


wind direction fluctuations). 


eee Values 


Stability Pasquill 
Classification Categories (deg Pees) 
Extremely Unstable A 25.0" 
Moderately Unstable B 20,.0° 
Slightly Unstable Cc 15.0° 
Neutral D 100° 
Slightly Stable E SO 
Moderately Stable F 25° 


Stability wind.roses obtained ef the trailers 1m, the 
monitoring network are displayed in the following tables. Because 
of the relatively low heights above the surface (9 meters) at which 
the wind data is taken, the stability distributions are skewed 
toward the unstable end of the speetrum. That is, the unstable 
classes, (A, _B, and, C) have a much higher frequency. of occurrence 
than would be obtained with the Pasquill method of stability 
categorization (or with instruments at higher levels). 


Table 1 depicts the frequency distribution of Pasquill 
Stability categories based on or from data eollected by M. M. 
Pendergast and T. V. Crawford at the Savannah River Plant 
("Actual Standard Deviations of Vertical’ and Horizontal Wand 
Direction Compared to Estimates from Other Measurements" 
Symposium on Atmospheric Diffusion and Air Pollution, September 


9-13, 1974). Three Gistinet range patterns Of Stability class 


IT C-6s2 


a, 
co 


P2CACSI RIN corPoRATION 


distributions were observed: low, mid, and high, according to 
the height at which the o, measurements were taken. 


TABLE 1 


Frequency distribution of Pasquill Stabflity Catesorfes 


Stability Categories based on Tp 


G 
Beton: O, 223 18 <0, <23 13 <0, <18 B <a, <13 4 <0, <8 2<0, <4 0, <2 

io 2256 13.9 21.8 28.9 8.9 he EG ben 
36. «1983 11.8 19.4 32.4 15.9 0.7 0.5 ‘OW RANGE 
91 9.6 6.7 13.5 21.7 29.6 1644-25 
137 9.3 5.8 V1e7 20.8 28.5 18.4 5.5 RANGE 
182 7.0 2.9 6.8 et 25.9 25.6 147 
243 7 4.3 9.4 17.7 27.6 22.9 10.4 HIGH RANGE 
304 De. ac ey} 8.0 17.2: 28.7 23.9 Wes} 


AlSo} “Figure L*(from’D: Hy siade,” Meteorolosy and 

Atomie Energy, 1968; p.'52)*demomstrates that the’ Tine represent— 
ing very stable conditions (which by their nature are associated 
with light winds)" branches into three separate linesencar the 
ground. The curve at the left represents the smallest values of 
56 usually observed, “The curve that*branches@ofl”to-the righe 
reflects the contribution of very low-level wind direction meander 
to the total standard deviation. These meandering oscillations 
decrease in amplitude very rapidly with height under stable 
conditions. The central curve represents typical inversion 
Conditions. Actually, for a given Stability conditrom, values ox 


6. will always be greater when the wind is light than when it is 


tS) 
strong. This phenomena is most noticeable in the lowest layers. 
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Figure 1 
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._+ The vertical variation of the lateral wind- 
direction standard deviation (¢,) for various stability 
regimes. The curves represent average or typical 
conditions with the exception of the two outer ‘very 
Btable’’ lines, which represent extremes. 


The large surface values of To for unstable conditions 


do not decrease very rapidly with height. As in the case of 
very stable conditions, the greatest lateral fluctuations during 
a very unstable thermal structure oecur*with very Light winds;. 


As a general rule, for a given anseolation condition, imereasing 
wind speeds are associated with profiles of o 


0 that tend toward 
neutral stability. 


The majority of the trailers in the network recorded 


very light winds throughout the month. Therefore, the stability 


distributions had a predominance of high To values and, hence, 


unstable classifications = Those tratlers with the highest 


average winds (and fewest nearby obstacles to the flow) generally 


had the more reasonable and representative low-level stability 
class distributions. 
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